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Does negative frequency-dependent selection maintain gonopodial
asymmetry in Xenophallus umbratilis?
MARY-ELISE JOHNSON

JERALD B. JOHNSON

ERIK S. JOHNSON

Department of Biology, Brigham Young University, Provo, UT, USA

QUESTION

METHODS / RESULTS

How does negative frequency-dependent selection emerge in populations?

Objective 1 – Two Male Morphs

BACKGROUND / OBJECTIVES
What conditions are required for negative-frequency dependent selection to
occur?
1. Two male morphs
2. Frequency of morphs change in populations over time
3. Males must preferentially mate on one side over the other.
4. Females must have an avoidance mechanism to avoid male mating
attempts, whereby rare males have an advantage

Relative fitness

Figure 2.
Negative frequencydependent selection
assumes that relative
fitness is a function of
phenotypic frequency and
changes over time. Rare
individuals are favored,
common individuals are
disfavored.

Time

We continuously sampled a X. umbratilis population at the La Palma tributary
in Costa Rica to observe how morph ratios changed over time. We also scored
museum collections from various localities to evaluate the differences in ratios
across geographical regions.
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Figure 4.
Frequency of sinistral to
dextral gonopodium
morphs in the La Palma
site of X. umbratilis from
2017 to 2019. At 2019, the
sinistral morph appeared
to be locally fixed in the
population
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Figure 5.
Frequency of left handed
and right handed
gonopodium morphs in 17
different wild populations
of Xenophallus umbratilis.
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Figure 7.
A) Graph showing the
average number of
times a dextral male
approached a female
and the side she kept
him on. Results were
not significant.
B) Graph showing the
average number of
times a sinistral male
approached a female
and the side she kept
him on. Results were
significant.
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CONCLUSIONS
 Trials using sinistral males yielded results consistent with predictions
made with the assumptions of negative frequency-dependent selection:
i. Sinistral males showed a bias on the side they approached
females, most often approaching on her right.
ii. Females preferentially kept sinistral males on the left
 Trials using right-handed males yielded inconclusive results.
i. Dextral males showed no significant approach bias.
ii. Females showed no significant avoidance bias to dextral males.

IMPLICATIONS / WHAT’S NEXT?
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Objective 3 – Evaluating Male Approach

 Low replication may explain inconclusive dextral data.

Given the gonopodial asymmetry, we hypothesized that males would
approach females in a way that corresponds with their given morph to
successfully mate. In this assay, a single male was placed in our experimental
tank with a single female (Figure 3A). We recorded which side of the female
he approached during a mating attempts. Trials were run with both sinistral
and dextral males.
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 Results neither demonstrate nor disprove that negative frequencydependent selection acts on populations of X. umbratilis.
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Objective 2 – Morph Frequencies Change Over Time

A
Figure 3.
A) Experimental tank setup for male approach
assays (see Objective
3).
B) Experimental tank setup for female
avoidance assays (see
Objective 4).

Figure 2.
A) Electron micrograph of
Xenophallus
gonopodium (sinistral
morph) showing the
tip of the organ. Note
that tissue has been
removed from the
gonopodium.
B) Electron micrograph of
Xenophallus
gonopodium showing
barbs along the the
shaft of the organ.

If males are only able to successfully mate with females from one side, then
females should position their bodies to the opposite side to avoid male mating
attempts. In this assay, we test if females show such a bias when placed with
sinistral males and with dextral males. A single female was placed in a round
tank (Fig. 3 B) for 10 minutes with 5 randomly chosen sinistral males or 5
randomly chosen dextral males and the position of males relative to her body
was recorded.
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Figure 1.
A) An adult X. umbratilis
male with a fully
developed
gonopodium (dextral
morph).
B) Male (bottom) in
pursuit of a mature
female (top).

We scored populations and used electron micrography to demonstrate that
there are two gonopodial morphs: dextral and sinistral.

Sinistral to Dextral Ratio

The idea of negative frequency-dependent selection is elegant and simple: Traits
are evolutionarily favored when they are rare but disfavored when they become
common. This can theoretically lead to oscillations in the ratios of morphs
within populations. Unfortunately, there is still little evidence that this process
occurs in the wild. The live bearing fish Xenophallus umbratilis exhibits
uniquely asymetrical morphology in the male mating structure, called a
gonopodium. In this species, the gonopodium terminates with either a dextral
(right-handed) or sinistral (left handed) twist, suggesting that mating within
this species could be lateralized. Given this unique asymmetry, we propose that
X. umbratilis is a candidate species to test for negative frequency-dependent
selection.

Objective 4 - Female Avoidance
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Figure 6.
A) Graph showing the
average number of
times a dextral male
approached one side of
a female. Results were
not significant.
B) Graph showing the
average number of
times a sinistral male
approached one side of
a female. Results were
significant.
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 Is negative frequency dependent selection beginning to occur in X.
umbratilis? What would it look like as this process takes form?
 Use paternity assays to see if rare males have a relative advantage over
common males. This is a more direct test than using side biases.
 Determine if gonopodial morph type is heritable.
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